00 
CO 



10 



15 




PATENT SPECIFICATION <»> 1347598 

(21) Application No. 26863/72 (22) Hied 8 June 1972 . 
(31) Convention Application No. 156099 (32) Filed 23 June 1971 in 
(33) United States of America (US) 
(44) Complete Specification published 20 Feb. 1974 

(51) International Classification C07D 99/04 A61K 21/00 

(52) Index at acceptance 

C2C 171—191—280 178—196—274 215 247 250 251 253 
25Y 28X 29X 29Y 313 31Y 339 342 34Y 360 
361 362 36Y 373 37Y 604 614 62X 652 672 
790 79Y RE 

(54) UNCOMYCIN DERIVATIVES AND THE MANUFACTURE 
THEREOF 

(71) We, THE UPJOHN COMPANY, a corporation organized and existing 
under the laws of the State of Delaware, United States of America, of 301 Henrietta 
Street, Kalamazoo, State of Michigan, United States of America, do hereby declare the 
invention, for which we pray that a patent may be granted to us, and the method by 
which it is to be performed, to be particularly described in and by the following 
statement : — 

This invention relates to novel compounds and to a process for preparing them 
and is particularly directed to 1 ^"hytt r ti iy e thyj >l / >dememylcl i nriflTTiycin (7-halo-7- 
deoxy-1 '-(2-lrydroxyethyl)- 1 '-dememyilincoinydn) and analogs thereof, as well as esters 
and ethers thereof, and to processes whereby they and like compounds are produced. 
These compounds have clindamyon-lflce antibacterial activity and can be used in a like 
manner. They, moreover, have improved Gram-negative a c t ivi t y and have lower 
nTflrprnaHnrt toxicity. 

The novel compounds of the invention can be represented by die following 
structural formula: 15 



10 




20 



wherein Halo is chlorine, bromine, or iodine; R is alkyl of not more than 4 carbon 
atoms, to wit, methyl, ethyl, propyl, i sop ropy], butyl, isobutyl, secbutyl, and terLbutyi, 
or 2-hydroxyethyl, and .Ac is the acyl radical of an L-2-pyrrolidinecarboxylic acid of the 
formulas: 



20 




(4) 




wherein Ri is alkyiidene of not more than 8 carbon atoms (including methylene) and 
alkyl contains from 1 to 8 carbon atoms inclusive. Any or all of the 2-, 3-, and 4- 
hydroxyi groups can be esterified or erherified. 

Examples of alkyl of not more man 8 carbon atoms are methyl, ethyl, propyl, 
butyl, pentyl, hezyl, heptyi, octyl, and die isomeric forms thereof. P.Tainpi^ of alkyi- 
idene groups (Ri) inrlndr methylene, ethyiidene, propylidene, butylidene, pentylidene, 
hexylidene, beptyiidene, and octyiidene, and the isomeric forms thereof. 

The novel compounds of the invention, Formulas IA and IB, (Formulas IA and 



30 IB are Formula I 
[Price 25p] 



Ac is me acyl of acids A and B respectively) can be prepared 



30 
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by N-alkyiating with a 2-hydraxyetfayl alkylating agent a r^iemeth^clindaniydn or 
analog thereof of Formula I where Ac is the acyl radical of a 4-substituted-L-2- 
pyrroh'dinecartxjxylic add of the formulas: 




AD 



BD 



The preparation of compounds of Formula IAB and Formula IBD is disclosed in 
US. Patents 3,496,163 and 3,502,648. 

An alternative process is to alkylate acids AD and BD to form acids A and B and 
to acylate a compound of the formula: 




with the adds A and B. The preparation of compounds of Formula II is also disclosed 
m U.S. Patent 3,502,648. The acyktioa of die compounds of Formula II with adds 
AD and BD can be effected by the procedure of the above-noted patents, wherein a 
mixed anhydride with isobutylchlorofozmate is used as the acytotmg agent. 

The N-alkyiation of compounds of Formula IAD or Formula IBD, or of the adds 
AD or BD is effected by reacting the starting compound with ethylene oxide The 
starting material, advantageously as the hydrochloride acid addition salt, is heated with 
the ethylene oxide, preferably in a pressure vessel, in which the reaction proceeds as 
follows: 

The reaction mixture after cooling is worked up in the usual mariner using such 
procedure s as distillation, solvent extraction, crystallization and the like. 
^Ine proportions are not critical out an excess of ethylene oxide is desirable. An 
excess of from 2 to 100 times the stoichiometric amount is suitable. The temperature 
also is not critical. At temperatures below 35°C, however, the reaction is nnoSrabJy 
slow and ccdinaruy it will not be necessary or desirable to e xc eed about 200°C The 
reaction proceeds well at 100°C. 

Advantageously the reaction is carried out in an inert mutual solvent for the 
reactants. Suitable such solvents include methyl alcohol, ethyl alcohoL propyl alcohol, 
benzene, toluene, cyclobexane, and tetrahyorofuran. 

Alternatively the alleviation can be effected by a reductive alkylation such as 

f^f^ VIS Pattnt ?ffi 63 ' Part G1 "^> * *bsti'*tmg the fmmaJoehyde 
(formalin) by faydroxyacetaldehyde. 

Any or all of the 2-, 3-, and hydroxy groups can be csterified before the reaction, 
forexample with hydrocarbon carboxyiic acids, advantageously of not more than 18 
carbon atoms, or halo-, nitro-, hydroxy-, amino-, cyan©-, miocyano-, or ataxy sub- 
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stitutcd hydrocarbon carboxylic acids* advantageously also of not more than 18 carbon 
atoms. These acylates also have antibacterial activity. 

Examples of carboxylic acid acyl radicals are the acyl radicals of the following 
acids: (a) saturated or unsaturated, straight or branched chain aliphatic carboxylic 
5 acids, for example acetic, propionic, butyric, isobutyric, tert-butyiacetic, valeric, iso- 5 
valeric, caprioc, caprylic, decanoic, dodecanoic, tridecoic, myrlstic, pemadecanoic, 
palmitic, margaric, stearic, acrylic, crotonic, undecylenic, oleic, hexynoic, heptynoic, 
and octynoic acids, (b) saturated or unsaturated, elicyclie carboxylic acids, for example, 
cydobutanecarboxylic acid, cyclopentanccarboxylic acid, cyclopentenecarboxyiic acid, 
10 methylcyclopOTtenecarboxylic acid, cydohexanecarboxylic acid, dnncthyicydohexene- 10 
carboxylic acid, and dipropylcyclohexanccaxboxyiic acid, (c) saturated or unsaturated, 
ahcyclic aliphatic carboxylic adds, for example, cydopentaneacetic add, cydopentane- 
proptonic add, cydohexanebutyric add, and mgihyt-yrln hipgiiTi^re tfc add, (d) aromatic 
carboxylic adds, for example, benzoic add, toraic acid, naphthoic add, etrryibenzoic 
15 acid, isobutyibenzoic acid, and merhylbutylbenzoic add, and (e) aromatic-aliphatic 15 
carboxylic acids, for example, phenylacetic acid, phenylpropionic acid, phenyhrateric 
acids, cinnamic add, phenylpropiolic add and naphthyiacetic add. Suitable halo*, 
nitro-, hydroxy-, amino-, cyano-, thiocyano-, and lower alkoryhydrocarbon carboxylic 
adds indude hydrocarbon carboxylic acids as given above which are substituted by one 
20 or more of halogen, nitro, hydroxy, amino, cyano, or thiocyano, containing a total of 20 
not more than 18 carbon atoms, or alkoxyhydrocarbon carboxylic adds of not more 
than 18 carbon atoms. Suitable such alkoxy groups include memoxy, ethoxy, propoxy, 
butoxy, amyloxy, hexyloxy, dodecyioxy, hexadecyloxy, and isomeric forms thereof. 
Examples of such substituted hydrocarbon carboxylic adds are mono-, di-, and tri- 
25 chloroacetic acid; a- and ^-chloropropionic add; <r~ and y-bromobutyric add; a- and 25 
/J-iodovaleric add; mevalonic add; 2- and 4-chlorocydohcxanccarboxylic add; shikhmc 
acid; 2-nitro-l-n^ylcydctetanecarbox add; 1^3,4^,6^hexacMorocydohexane- 
carboxylic add; 3-bromo-2-methylcydohcxflnecarboxylic add; 4- and 5-bromo-2- 
methyicyclohcxanecarbaxylic add; 5- and 6^bromo-2-memylcydohexaiiecarboxylic add; 
30 2,3-dibromo-2-memyl^ add; 2^1>romo-2-mcthylcydohcxane- 30 

carboxylic add; 4,5-dibramo-2-methylcydahe add; 5,6-dibromo-2- 

rnemylcydohexanecarboxylic add; 3-bromo-3-oKthylcydohexanecaii>oxyiic add; 6- 
bromo-3-rnemylcydohexanecarboxylic add; 1 ,6-dihromo-3 -roethylcydohexanecarb- 
oxylic add; 2-bromo^methylcydohexanecartaylic add; l,2-mTmmio-4-methyIcydo- 
35 hexanecarboxylic add; 3-bromo-2^,3-trimemylc^ add; l-bromo- 35 

3>5^1inietbylcyclohexanecaiboxylic add; bomogentisic add, o-, in-, and ^chloxobenzoic 
add; anisic add; salicydic acid; p-hydroxybenzoic acid; J^resorcyhc add; gallic add; 
veratric add; tturicmoxybenzojc add; trimemoxyciruiarnk add; 4,4-dichtoroberizilic 
add; o-, m-, and p-riitrobenzoic acid; cyanoacetic add; 3,4- and 3^-dmhrobenzoic 
40 add; 2,4,6-trinitrobenzoic add; thiocyarioacetic add; cyanopropionic add; and lactic 40 
add. Examples of such alkoxyhydrocarbon carboxylic adds are cthaxyfonnic add 
(ethyl hydrogen carbonate); butyioxyformic acid; pentyloxyfonnic add; hexyloxyformic 
add; dodecylaxyfonnic add; and hexadecyloxyfarmic add. 

They can also be esterified after the reaction but in that case the hy d r oxy group 
45 of the 2-hydroxyeihyI group is also esterified. In fact, by using an equimolar amount, or 45 
less, of the esterifying agenr a l'-(2-acylaxyemyl)-l'-o^me^ or analog 

thereof can be obtained without the 2-, 3-, or 4-hydraxy groups being acyiatcd. The 
monoacylates thus obtained also have cUndamycin-like antibacterial activity and can 
be used in a like manner. 



50 



Any or all of the 2-, 3-, and 4-hydraxy groups can also be etherified, for example, 50 
with alkyl, advantageously of not more than 20 carbon atoms; cydoalky), advantageously 
of from 3 to not more than 12 carbon atoms; or ylidene (e*., 3,4-O-yUdene) group for 
example alkylidene, advantageously of not more than 20 carbon atoms and aralkyiidene 
and vioylogs thereof, advantageously of not more than 12 carbon atoms. These ethers 
55 also have antibacterial activity. Examples of alkylidene are given above and examples 55 
of aralkyiidene are furfuryhdene, 5-rnerJiyinnfuryb'dene, benzyiidene, m-tolylidene, 0- 
tolylidene, p-toiylidene, o-cMoroberizyhdene, m^orobenzyUdene, w-bromobenxyl- 
idene, p-bromobcnzylidenc, ^niedroxybenzyu'dene, m-mcmoxybenzyhdene, o-methaxy- 
benzylidene, 3,4-o^memoxybenzyiidene, salicyu'dene, p-hydroxybenzyh*dene, 3,4,5-tri- 
* 60 methoxybenzyKdene, pirxaonylidene, oHutrobenzyiidene, p-cMoroberizylidene, m-nitro- 60 
benzyiidene, p-nkrobenzylidene and £^hmylidene, 2/MicMoroberizyu*dene, 3-mcth- 



oxy-^ydroxybenzyHdene, terephthylidene, 3,4-a^ydroxybenzylidene, and cinna- 
mylidene. 

The compounds of Formulas IA and IB exist dther in the protonated or non- 
65 protonated forms according to the pH of the environment When the protonated form 
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is intended, die compound is qualified as an acid-addition salt and when die non- 
protonated form is intended it is qualified as the free base. The free bases can be con- 
verted to stable acid-addition salts by neutralizing the free base with the appropriate 
acid to below pH 7.0, and advantageously to pH 2 to pH 6. Suitable acids for this 
purpose include hydrochloric, sulfuric, phosphoric, thiocyanic, fiuosflicic, hexafluoro- 5 
arsenic, hexafiuorophosphoric, acetic, succinic, citric, lactic, maltic, fumaric, pamoic, 
cholic, palmitic, mudc, camphoric, ghitaric, glycolic, phthalic, tartaric, lanric, stearic, 
salicylic, 3-pfaenyisaHcyiic, 5-phenyisahcylic, 3-methylgJutaric, ormosulfobenzoic, 
cyclopentanepropionic, 1,2-cycbbexanedicarboxylic, 4-cyclohexanecsrbaxylic, octade- 
cenylsocdnic, octenylsuccinic, methanesuJfonic, benzenesulfonic, tw>K«mt^fr Rcinecke's, 10 
dimemyldimiocarbamic, cyclohcxyisulfamic, hcxadccyisulfamic, octadecyisulfamic, 
sorbic, manocMoroaetic, undecylemc, 4'^ydroxya2oben2ene-4-sulfQmc, octyldecyl- 
sulfaric, picric, benzoic, and cinnamic. 

The add-addition salts can be used for the same purposes as the free base or they 
15 can be employed to upgrade the same. Fox example, tie base base can be converted to 15 
an insoluble salt, such as the picrate, which can be subjected to purification procedures, 
for ex ample, solvent extractions and washings, chromatography, fractional liquid-liquid 
extrac tions , and crystallization and then used to regenerate the free base form by treat- 
ment with alkali or to make a different salt by metathesis. Or die free base can be 
20 converted to a water-soluble salt, such as die hydrochloride or sulfate and the aqueous 20 
solution of the salt extracted with various water-immiscible solvents before regenerating 
the free base form by treatment of the thus-extracted acid solution or converted to 
another salt by metathesis. The free bases of Formulas IA and IB make good vehicles 
for toxic adds. For example, the fiuosflicic add addition salts are useful as moth- 
25 proofing agents according to U.S. Patents 1,915,334 and 2,075,359 and the hexafluoro- 25 
arsenic add and hexafluorophosphoric add addition salts are useful as parasiticides 
according to U.S. Patents 3,122^36 and 3,122^52. The thiocyanic add addition salt 
when r ondm srd with formaldehyde forms resinous materials useful as pickling inhibitors 
according to U.S. Patents 2,425,320 and 2,606,155. 

The dose analog of cim&mrycin, Lc, where alkyl is ox or trans alkyi of not more 30 
than 8 carbon atoms and R is methyl, ethyl, or 2-hydWjrethyl, have antibacterial 
properties, and some are comparable or superior to lincomycin and can be used for the 
same purpose as lincomydn. The other analogues and isomers have similar antibacterial 



properties and can be used for the same purposes as linconrydn where larger amounts 
35 are not objectionable. 35 
„ Accordingly the ^ present invention provides an antibacterial composition com- 
prising as the active ingredient a compound of the invention together with a pharma- 
ceutically acceptable carrier. 
An , Having regard to the provisions of Section 9 of the Patents Act 1949 attention is 
40 drawn to British Patent Specifications Nos. 1,247,612; 1,140,833 and 1,140,663 40 
The following examples are illustrative of the process and products of the present 
invention but are not to be construed as limiting. The parts and percentages are by 
weight and the solvent ratios are by volume unless otherwise specified. 



45 1 ^2^ydroxyethyl>l '*2eniethyklindamycin 45 




A mixture of 10 g. of 1 '-dimethyldmdamycin • HQ, 100 mL of ethyl alcohol 
and 50 ml. of ethylene oxide was sealed in a pressure flask and heated at 100°C far 
one hour. The flask was then cooled to 0°G and opened and the reaction mixture 
50 evaporated under vacuum to give a viscous amber oiL The oil was dissolved in 200 ml. 50 
of H 5 0, and the pH adjusted to 10 with aqueous KOH solution. Extraction with 
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CHQ» following by evaporation of the extracts gave about 10 g. of crude product This 
material was purified via chromatography over silica gel using a solvent system com- 
posed of ethyl acetate: acetone: water (8:5:1) for ehrtion. The product fractions. were 
identified by thin layer chromatography, combined, and evaporated to give 2.0 g. of 
l'*{2-lrydiQxyediyl)-l'^^ 

Analysis : 

Calcd. for Q.H^ONjO.S : 

C, 50.15; H, 7.75; N, 6.16; S, 7.05; O, 7.79. 

Found: C, 50.13; H, 7.69; N, 626; S, 6.82; 0,8.08. 

Wn 30 * -25° 
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20 



30 



Activity (in vitro, as the hydrochloride): 
Ca. 1 X cimdamydn — Gram-positive bacteria 
Ca. 2 X clindamycin — Gram-negative bacteria 



l^(2-Hyd^oxyetriyi>l'. 
ft 




This reaction was carried out in the same manner as : 
material the appropriate as isomer. A yield of 1.1 g. of 1'h 
methyi-cxj-cl in ri inrrycin was obtained. 

Analysis: 

Calcd. for d.HnONsO.S: 

Q 50.15; H* 7.75; N, 6.16; S, 7.05; Q, 7.79. 

Found: C, 49.94; H, 7.81; N, 6.51; S, 6.87; CI, 7.80. 



W 



CHO, 



+ 156° 



Activiry (in vitro, as the hydrochloride) : 

Ca. 02 X clindamycin Gianvpra tive b acteria 

> 1 X clindamycin vs Gram-negative 

Example 3 

r^2-Hydroxyemyl)-l'^emerJ^ and 
trans -penty Idrndamycin 

if 




35 



This reaction was carried out in the same manner as Example 1 using as i 
material 1 '-demethyl-4 '-depropyl-4' -as /fraTiJ-pcntykdiiidamycin (Example 10 of U.J 
Patent 2,496,163). A yield of 5.0 g. of l'^Ir/droxyethyl>l'-der^ 
4'^/trans-pentykundamycn was obtained. 
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20 



30 
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Analysis: 

Calcd. for CuH, ,ClN,O t S : 

C, 52.21; H, 8.14; N, 5.80; S, 6.64; O, 734. 

Found: C, 52.16; H, 8.17; N, 5.83; S, 6.60; Q, 732. 

+154° 



Activity (in vitro, as the hydrochloride): 

Ca. 2Xclindamycm vs Gram-negative bacteria 

WHAT WE CLAIM IS: — 

1- A process for making compounds of the formula: 




in which any or all of the 2-, 3-, 4-hydroxy groups can be esterified or erherified, Halo 
is chlorine, bromine, or iodine, R is alkyi of not more than 4 carbon atoms or 2-hydroxy- 
etbyl, and Ac is the acyl radical of an L-2-pyrrohdmecarboxyhc add of the formulas' 



ctLoutt 



<B) 




wherein Ri is an alkylidene* group of not mare than 8 carbon atoms and alkyi contains 
1 to 8 carbon atoms inclusive which comprises N-alkyiating a compound of Formula I, 
any or all of the 2-, 3-, and 4-hydruxy groups of which can be esterified or etherified, 
wherem Halo and R are as above and Ac is the acyl of an 1^2-pyrrotidinecarboxylk 
acid of the formula : 



10 



BD 



AD 



25 with a 2-hydroxyethyl alkylating agent, R x being as given above. 
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The process of claim 1 in which the alkylation is effected with ethylene oxide. 

3. The process of claim 1 in which the alkylation is effected by reductive alkyiation 
with 2-hydroxyacetaldehyde. 

4. A compound of the formula: 




and the esters, ethers and acid addition salts thereof wherein Hal is chlorine, bromine, 
or iodine, R is alkyl of not more than 4 carbon atoms or 2 -hydroxy alkyl, and Ac is the 
acyl radical of an 1^2-pyrrolidmecarbaxylic acid of die formula: 



GLCBJOB 



10 



or 



10 



15 



wherein R* is alkylidene of not more than 8 carbon atoms and alkyl contains 1 to 8 
carbon atoms inc l usiv e. 

5. A compound or acid addition salt thereof according to claim 4 wherein Halo is 
chlorine, R is methyl, and Ac is the acyl of an L-2-pyrroHdmecarboxylic acid of the 
formula: 



« 



15 




20 



wherein alkyl is propyl. 

6. A compound or acid addition salt thereof 
is chlorine, R is methyl and Ac is the acyl of an L-^ 
formula: 

GUMM 



to claim 4 wherein Halo 
idmecarboxyiic acid of the 



20 



wherein alkyl HR* is trans . 
7. A compound or add 



ion salt thereof according to claim 4 wherein Halo 
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is chlorine, R is methyl, and Ac is the acyl of an L-2-pyrrolidinccarboxylic add of the 
formula: 



(B) 

-09 



wherein alkyl is pentyi. 

5 8. A compound ox add addition salt thereof according to claim 4 wherein Halo is 5 

chlorine in the (S) configuration, R is methyl and Ac is the acyl of an L-2-pyrrolidine- 
carboxyiic add of the formula: 



(6) 




wherein alkyl is trans propyl. 

9. A compound or acid addition salt thereof according to daim 4 wherein Halo 10 
xs chlorine in n»(S) configuration, R is methyl and Ac is the acyl of an U2-pyrrolidine- 
carboxyuc acid at the formula: 




15 



wherein alkyl is pentyl. 

10. A process for the preparation of a compound as ^"wri in any of *-l<»tm« 4 to 
9 substantially as herein described with reference to the Examples. 

11. A coinpound as claimed in any of claims 4 to 9 when prepared by a process as 
claimed m claims 1 to 3 or 10. ' * 

12. M antibacterial composinon cwimrismg as the active mgredient a compound 
as^dauned m any of claims 4 to 9 or 11 together with a rihaxmac^utically acceptable 20 

For the Applicants: 
GBUU JENNINGS & EVERY, 
Chartered Patent Agents, 
51/52 Chancery Lane, „ 
London, WC2A 1HN. 
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